INTRODUCTION
============

Arsenic, a metalloid and naturally occurring element, is one of the most abundant elements in the earth's crust and is found throughout our environment. Arsenic can attach to very small particles in the air, stay in the air for many days, and travel long distances. Arsenic is primarily used as an insecticide and herbicide or preservative for wood due to its germicidal power and resistance to rotting and decay, respectively. Arsenic is also pISSN 1975-8375 eISSN 2233-4521 used in medicine, electronics, and industrial manufacturing \[[@b1-jpmph-47-5-253]\]. In the environment, arsenic and its compounds are mobile and cannot be destroyed. However, interaction with oxygen or other molecules present in air, water, or soil, as well as with bacteria that live in soil or sediment can cause arsenic to change form, attach to different particles, or separate from these particles \[[@b2-jpmph-47-5-253]\]. Many common arsenic compounds can dissolve in water, thus arsenic can contaminate lakes, rivers, or underground water by dissolving in rain, snow, or through discarded industrial wastes. Therefore, arsenic contamination in ground water is a serious public health threat worldwide. In addition, the effect of chronic arsenic exposure from ingested arsenic-contaminated food and water or inhaled contaminated air has been investigated in various countries and found to be associated with detrimental health effects such as hyperpigmentation, keratosis, various types of cancer and vascular diseases \[[@b3-jpmph-47-5-253],[@b4-jpmph-47-5-253]\]. According to a recent publication by the US Agency for Toxic Substances and Disease Registry, arsenic exposure through inhalation and the dermal layer is considered a minor route for exposure in the general population, but a major route for occupational workers. In the general population, oral arsenic exposure is the predominant exposure route. Hence, most diets are the largest source of arsenic exposure. In addition, ingestion of small concentrations of arsenic in dust or soil through regular hand-to-mouth activities may be an important route of exposure among young children \[[@b5-jpmph-47-5-253]\].

Once arsenic compounds are absorbed, they are generally processed via the liver's metabolic pathway, and then converted into many different types of inorganic and organic species including arsenite (As^3+^), arsenate (As^5+^), dimethylarsinate (DMA), and monomethylarsonate (MMA). Inorganic arsenic and organic arsenic are absorbed quickly into the blood and circulated to the human gastrointestinal tract. Organic arsenic species are generally considered innocuous since they are poorly absorbed into cells \[[@b6-jpmph-47-5-253]\]. In contrast, inorganic arsenic species are highly reactive and affect a series of intracellular reactions \[[@b7-jpmph-47-5-253]\]. Eventually, arsenic metabolites in the body are excreted in the urine, the major excretion pathway for the elimination of arsenic species from the body. Each form of arsenic has different physiological and bioactive properties, hence it is necessary to identify and quantify each chemical form of arsenic to evaluate their individual effects on human health. Although the total arsenic concentration (total concentration of DMA, MMA, and inorganic arsenic) has been used by previous studies, it is not considered a sufficient measurement for health risk assessment \[[@b8-jpmph-47-5-253],[@b9-jpmph-47-5-253]\]. One reason is that the toxicity of arsenic is strongly dependent on the type of chemical species present in the body. It is generally recognized that inorganic arsenic is more toxic than organic arsenic (DMA and MMA), and among inorganic arsenic, As^3+^ is more toxic than As^5+^ \[[@b10-jpmph-47-5-253]-[@b12-jpmph-47-5-253]\]. In most animal studies, DMA has been the main metabolite, while in humans, urinary excretion analysis under normal conditions have revealed approximately 20% inorganic arsenic, 20% MMA, and 60% DMA \[[@b13-jpmph-47-5-253],[@b14-jpmph-47-5-253]\]. Therefore, arsenic levels measured in the urine can be used as a biomarker of arsenic exposure in humans. Since arsenic is rapidly metabolized and excreted through the urine, this measurement can provide evidence of recent arsenic exposures \[[@b15-jpmph-47-5-253]\].

During last decade, arsenic pollution has been considered an important environmental issue in many countries worldwide. However, the environmental route of exposure causing arsenic contamination in the general population has not been fully determined. Recently, the most significant concern related to human health risks from arsenic toxicity is thought to be transported through drinking water, worldwide food distribution, smoking, and global cosmetics. Herein, we review the possible routes for environmental arsenic exposure in humans and potential health risks due to chronic arsenic exposure.

POTENTIAL PATHWAYS OF ARSENIC EXPOSURE IN HUMANS
================================================

Drinking Water
--------------

Ground water is a major source of drinking water, and elevated concentration of arsenic in ground water has been associated with various negative health effects in humans \[[@b16-jpmph-47-5-253],[@b17-jpmph-47-5-253]\]. Arsenic in drinking water is considered one of the most significant environmental causes of cancer in the world. Consequently, since 1963, the World Health Organization has recommended limits to the maximum concentrations of arsenic in drinking water. In 1963, their recommendation was of 50 μg/L, but after new evidence relating low arsenic concentrations with cancer risk, the World Health Organization further reduced their recommendation to 10 μg/L in 1992 \[[@b18-jpmph-47-5-253]-[@b20-jpmph-47-5-253]\]. Contamination of ground water is one of the major pathways of human exposure to inorganic arsenic and the risk of arsenic contamination is generally much higher in ground water than that in surface water \[[@b21-jpmph-47-5-253]\]. Elevated concentrations of arsenic in ground water have been reported in Bangladesh \[[@b22-jpmph-47-5-253]-[@b24-jpmph-47-5-253]\], Vietnam \[[@b25-jpmph-47-5-253]\], China \[[@b26-jpmph-47-5-253]\], Taiwan \[[@b27-jpmph-47-5-253]\], Argentina \[[@b28-jpmph-47-5-253],[@b29-jpmph-47-5-253]\], and Canada \[[@b30-jpmph-47-5-253]\]. Elevated concentrations of arsenic have primarily resulted from natural sources, such as erosion and leaching from geological formations or anthropogenic sources. In addition, arsenic use for industrial purposes, mining activities, metal processing, and pesticides and fertilizers are other major source of contamination.

Industrial Manufacturing and Wood Preservatives
-----------------------------------------------

Most arsenic used in industrial processes is used to produce antifungal wood preservatives that can lead soil contamination. Incineration of preserved wood products, pressure treated with chromate copper arsenate was found to be a source of environmental arsenic contamination \[[@b31-jpmph-47-5-253]\]. According to the publication by the US Agency for Toxic Substance and Disease Registry, since 2003, the use of arsenic-containing wood preservatives have been phased out for certain residential uses such as play structures, picnic tables, decks, fencing, and boardwalks, but are still used in industrial applications. Arsenic is also used in the pharmaceutical and glass industries, in the manufacturing of alloy, sheep dips, leather preservatives, arsenic-containing pigments, antifouling paints, and poison baits. Arsenic compounds are also employed in the microelectronics and optical industries \[[@b32-jpmph-47-5-253]\]. In addition, arsenic has been widely used in insecticides and pesticides due to its germicidal power, but the use of inorganic arsenic compounds in pesticides is no longer permitted in North America. The inorganic arsenic compounds, primarily, sodium arsenite, have been widely used as a weed killer, and non-selective soil sterilant \[[@b33-jpmph-47-5-253]\].

Smoking
-------

Some reports have indicated that smoking is associated with a decreased ability to methylate ingested arsenic. Previous studies have also shown that cigarette smokers have a significantly higher total urinary arsenic concentration and MMA concentration than non-smokers do \[[@b34-jpmph-47-5-253]\]. One possibility is that some chemicals in cigarettes compete for different enzymes or co-factors involved in the arsenic methylation process. In addition, cigarettes may also contain some arsenic; one study estimated that approximately 0.25 μg of arsenic is ingested after smoking one cigarette \[[@b35-jpmph-47-5-253]\]. Although cigarette smoking is already a main risk factor for lung cancer, Ferreccio et al. \[[@b36-jpmph-47-5-253]\] found that cigarette smoking and ingesting arsenic in drinking water had a synergistic effect. Some of arsenic metabolites found in the urine may result from arsenic exposure due to cigarettes smoking. Therefore, arsenic exposure from cigarettes smoking may also be a serious health concern especially in communities with high concentrations of arsenic in the drinking water \[[@b37-jpmph-47-5-253]\]. Cigarette use has been found to be correlated with an elevated risk of bladder cancer. In one US study, smokers exposed to high concentrations of arsenic in drinking water (200 μg/L), had a higher risk of bladder cancer than smokers exposed to low concentrations of arsenic did \[[@b38-jpmph-47-5-253],[@b39-jpmph-47-5-253]\].

Diet
----

Consumption of food grown in arsenic-contaminated areas is another source of chronic arsenic exposure, since agricultural products have been found to be cultivated using arsenic-contaminated ground water. Chakraborti et al. \[[@b40-jpmph-47-5-253]\] confirmed that contaminated ground water used to cultivate vegetables and rice for human consumption may be an important pathway of arsenic ingestion. Another study investigated the concentration of arsenic in food imported into the United Kingdom and found that vegetables imported from Bangladesh had a 2 to 100-fold higher concentration of arsenic than that of vegetables cultivated in the United Kingdom and North America \[[@b41-jpmph-47-5-253]\]. However, the type of arsenic species found in these foods was not reported. This information is necessary to assess the risk among humans who ingest these foods. Nevertheless, this study further supports the theory that food may be an important route of arsenic exposure in some regions and that these exposures may have long-term negative health effects in humans. Considering the widespread distribution of food, arsenic-contaminated food and the possible associated risks of disease should be considered an important global issue. It is also well known that some crustaceans contain arsenobetaine and some seaweed contains arsenosugar, but seafood usually contains organic arsenic compounds that are less toxic than inorganic counterparts are \[[@b42-jpmph-47-5-253]\].

Cosmetic
--------

Cosmetics are of low priority in consumer safety assessments since they are wrongly assumed to have no effect our health. Cosmetics are also considered an unlikely source of arsenic exposure and as a simple impurity, but are a leading cause of direct exposure among a many individuals. Assessing the amount of dermal absorption from a single component in a cosmetic product is complex and depends on many factors such as the concentration of arsenic in the product, the amount of product applied, the length of time left on the skin and the presence of emollients and penetration enhancers in the cosmetic product \[[@b43-jpmph-47-5-253]\]. Currently, no international standard for impurities, such as heavy metals, in cosmetics exist. However, some countries have conducted tests to determine the levels of heavy metal contents in cosmetic products and provided some guidelines for limiting use \[[@b44-jpmph-47-5-253],[@b45-jpmph-47-5-253]\].

Air
---

In air, arsenic exists predominantly attached to particulate matter, and is usually present as a mixture of arsenite and arsenate, with a negligible amount of organic arsenic species except in areas using arsenic pesticides or with biotic activity. One previous study suggested that methylated arsenic is a minor component in the air of suburban, urban and industrial areas, and that the major inorganic portion of air is composed of the trivalent and pentavalent compounds \[[@b46-jpmph-47-5-253]\]. Human exposure to arsenic through the air generally occurs at very low concentrations ranging from 0.4 to 30 ng/m3. The US Environmental Protection Agency has estimated that approximately 40 to 90 ng of arsenic per day are typically inhaled by humans. In unpolluted areas, approximately 50 ng or less arsenic is inhaled per day \[[@b47-jpmph-47-5-253]\].

CONCLUSION
==========

The ingestion of arsenic by humans can cause a variety of disorders, including skin lesions problems with the respiratory and/or nervous systems, and different types of cancers. Certain pathways have been found to result in arsenic exposure in humans, such as from drinking water, foods, cigarettes, certain residential areas, occupational environment, and cosmetics. Guidelines to keep the concentration of arsenic in drinking water to 50 μg/L or lower has not been found to be protective, and the World Health Organization has decreased their recommendation to 10 μg/L. Because ground water can contain high concentrations of arsenic, drinking water sources should be tested for arsenic and carefully monitored. The methylation of arsenic can also be influenced by a variety of environmental factors mentioned above. We hope that this careful review of possible source of arsenic exposure will contribute to reducing arsenic-related health hazards in humans.
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